Introduction
============

Spinal kyphosis in elderly people can sometimes cause serious problems. It occurs as a consequence of the loss of the physiological lordotic curve because of senile kyphosis, which is attributed to osteoporosis, disk degeneration, and impairment of back muscles \[[@B1][@B2]\]. The postural abnormality associated with kyphosis can lead to chronic lower back pain, and in later stages it can also disturb standing and gait by affecting balance \[[@B3]\].

There have been many surgical procedures described for the treatment of spinal kyphotic deformity, including Smith-Petersen osteotomy, pedicle subtraction osteotomy, and vertebral column resection. The technique used to correct spinal kyphotic deformity depends on variables such as the severity of the deformity, the flexibility of the deformity, and whether the kyphosis is more of a rounded, long sweeping kyphosis, or short and angular \[[@B4][@B5]\].

The minimally invasive lateral transpsoas approach to the lumbar spine is also known as extreme lateral interbody fusion (XLIF), as first described in 2001 \[[@B6][@B7]\]. The advantages of XLIF include minimally invasive access to the lumbar spine, and less blood loss when compared to open surgery \[[@B6]\]. XLIF is a promising minimally invasive option for adult deformity. It can be used in combination with standard posterior techniques or with percutaneous pedicle fixation. The role of XLIF plus minimally invasive posterior fixation in obtaining satisfactory curve correction, while reducing the number of levels fused in lumbar scoliosis, can be advantageous over other traditional techniques \[[@B8]\].

However, in XLIF, access to the lumbar spine is via a lateral approach that passes through the psoas major muscle, which consequently leads to several complications. It has been reported that after XLIF surgery, 30% of patients show paresthesias in the leg and 27% of patients show thigh pain after XLIF surgery, indicating nerve injury \[[@B9]\]. Furthermore, high rates (62.7%) of transient anterior thigh symptoms are found despite real-time electromyography (EMG) monitoring \[[@B10]\].

As with XLIF, to avoid nerve injury, mini-open anterior retroperitoneal lumbar interbody fusion methods, such as oblique lumbar interbody fusion (OLIF) have been applied in a total of 179 patients \[[@B11]\]. Less nerve injury has been reported following this method using an anterior approach between the aorta and psoas, when compared to XLIF. In the current study, a banana-shaped polyetheretherketone cage (Boomerang, Medtronic Inc., Minneapolis, MN, USA) was used \[[@B11]\]. Subsequently, an OLIF system (OLIF25, Medtronic Inc.) and cage (Clydesdale Spinal System, Medtronic Inc.) have been developed, and procedures using the OLIF25 system and Clydesdale Spinal System allowed a larger interbody graft to be placed into the disk space for anterior column support and segmental sagittal alignment, while minimizing the nerve, muscle, and bony obstacles associated with traditional direct lateral approaches.

To the best of our knowledge, results and complications of this system for degenerated lumbar spinal kyphoscoliosis have not yet been reported. In the current study, we aimed to examine the clinical efficacy of OLIF for degenerated lumbar spinal kyphoscoliosis and to determine any complications that occur during surgery.

Materials and Methods
=====================

1. Patients and surgery
-----------------------

We evaluated 12 patients in Chiba University Hospital between June 2012 and February 2013. Patients were diagnosed with degenerated lumbar kyphoscoliosis on X-ray and magnetic resonance imaging (MRI), myelography, and computed tomography (CT) after myelography. Patients who had previously undergone spinal surgery and who had both spinal stenosis and kyphoscoliosis were included in the present study. Patients with spinal tumor, infection, and acute vertebral fractures of the thoracic and lumbar spine were excluded from the investigation. Patients met criteria for surgery for their kyphoscoliosis if they showed severe low back pain, or had difficulty in standing or walking after undergoing more than six months of conservative treatment. For diagnosis of degenerated kyphoscoliosis and indication for surgery, a Cobb angle of more than 40° on the coronal plane or less than 10° of lordosis on the sagittal plane of the lumbar spine were used as inclusion criteria. Informed consent was obtained from all research participants. Bone mineral density in the lumbar spine was examined before surgery. Details of the patients\' backgrounds are shown in [Table 1](#T1){ref-type="table"}.

All patients initially underwent OLIF (OLIF25) surgery. A cage (Clydesdale Spinal System) filled with bone graft from the iliac bone was used in this study ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). Subsequently, posterior fixation was employed in all patients. Open pedicle screws or percutaneous pedicle screws were used in all patients. Hooks and iliac screws were used in some patients. Open pedicle screws or percutaneous pedicle screws were used in all patients. Open pedicle screws were used for longer fusion, and percutaneous pedicle screws were used for relatively shorter fusion. Posterior osteotomy or posterior bone grafting was not performed in any patient. Rods were bent along the heads of the pedicle screws, and inserted into the heads of pedicle screws using reducers. Strong sagittal or rotational reduction was not performed in any patient. OLIF fusion from 1 to 4 levels and posterior fusion from 3 to 15 levels were performed. Posterior decompression was performed in one patient, but not in the others.

2. Radiographic and clinical evaluation
---------------------------------------

Radiography was used to evaluate spinal variables before and after surgery. Anteroposterior and profile X-ray image views before and after surgery were examined. Measurements were made on radiographs obtained before surgery, and 12 months after surgery. Sagittal balance was assessed at a standing position, and sagittal vertical axis (SVA) was measured as the horizontal distance between a C7 plumb line and the posterosuperior aspect of the sacrum at the L5-S1 disk. Thoracic kyphosis was measured from T5-T12 using the Cobb method. Lumbar lordosis (LL) was measured from T12 to the sacrum in a similar fashion. Coronal balance was measured at the maximum angle by the Cobb method \[[@B12]\].

Sacral slope was defined as the angle subtended by a horizontal reference line and a line drawn parallel to the sacral end plate. Pelvic incidence (PI) was defined as the angle subtended by a line dropped perpendicular to the sacral end plate and a line drawn from the center of the sacral end plate to the center of the bicoxofemoral axis. Pelvic tilt (PT) was defined as the angle subtended by a vertical reference line and a line drawn from the center of the sacral end plate to the center of the bicoxofemoral axis \[[@B12]\].

CT was performed to evaluate bone union 12 months after surgery. Here we defined bone union as bridging bone formation between adjacent vertebral bodies (at the OLIF cage). Evaluation of bone union was blinded and performed by 3 surgeons. Fusion was identified if at least 2 of the observers concurred.

The change in lower back pain before and after surgery was evaluated using a visual analogue scale score (0, no pain; 10, worst pain). The Oswestry disability index for low back pain was recorded before, and 1 and 12 months after surgery, and the findings were compared.

3. Surgical time, blood loss, and complications
-----------------------------------------------

Surgical time, blood loss, and complications during and after surgery were investigated.

4. Statistical analyses
-----------------------

To determine whether there were significant changes in pain score and change in spinal variables after surgery, t-test and chi-square test were used. A *p*\<0.05 was considered significant.

Results
=======

[Table 1](#T1){ref-type="table"} shows demographic characteristics of the patients before surgery. Four men and eight women were included in this study. Concurrent conditions included diabetes mellitus in two patients, Parkinson disease in two patients, revision surgery (prior posterior surgery) in two patients, and hemodialysis in two patients. One patient was a smoker. The OLIF procedure was performed from 2 to 4 levels for 35 levels in 12 patients. Open pedicle screws (four patients) and percutaneous pedicle screws (eight patients) were used for posterior fixation. Posterior fusion was performed from 3 to 15 levels.

1. Change of spinal variables
-----------------------------

SVA and Cobb angle of the coronal plane and LL were significantly improved at the final follow-up compared with the values before surgery (*p*\<0.05) ([Table 2](#T2){ref-type="table"}, [Figs. 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}). SVA was 27 mm (less than 50 mm); PT was 23° (less than 25°); LL was 37°; and PI was 45° after surgery. The difference between LL and PI was 8° after surgery.

### 1) Bone fusion

Fusion was seen at 31 of 35 levels, and the rate of fusion was about 90%. Four levels were not fuse; however, the patients showed no problems and did not require revision surgery.

### 2) Pain score

Low back pain, as evaluated using a visual analogue scale score, was significantly improved from 9.5±3.5 to 2.3±1.7 (*p*=0.005) and Oswestry disability index was significantly improved from 72±22 to 22±12 (*p*=0.033).

2. Surgical time, blood loss, and complications
-----------------------------------------------

Average surgical time and average blood loss during surgery were observed to be 250±35 minutes and 350±50 mL, respectively. OLIF appeared less invasive when compared to other procedures. There was no infection, major vessel injury, peritoneal injury, or urinary injury in patients. Hardware failure did not occur, however, cage subsidence at 1 level was observed in 1 patient with osteoporotic kyphoscoliosis. There was no occurrence of spinal nerve injury. Thigh pain was observed in one patient and thigh numbness in two patients. Thigh pain and numbness diminished within two weeks of surgery. Donor site (iliac crest) pain was seen frequently and occurrence was noted in eight patients.

Discussion
==========

In the current study, we evaluated OLIF for degenerated lumbar spinal kyphoscoliosis. There were few complications during surgery. In particular, injury to psoas muscles and spinal nerves was avoided. Fusion rate and correction of deformity were satisfactory and lower back pain decreased significantly after surgery.

Recently, Acosta et al. \[[@B13]\] analyzed changes in coronal and sagittal plane alignment following XLIF for degenerative scoliosis and noted excellent results for deformity correction in both planes. Other authors recently used a combined approach of minimally invasive XLIF and open posterior segmental pedicle screw instrumentation with transforaminal lumbar interbody fusion for the correction of coronal deformity. Radiographic outcomes such as the Cobb angle and apical vertebral translation were significantly improved and less blood loss was noted in patients; the radiographic outcomes were comparable to those of traditional posterior-only approaches \[[@B14]\]. Schwab et al. \[[@B12]\] reported that realignment objectives should be patient-specific and involve attention to the following 3 parameters: SVA less than 50 mm, PT less than 25°, and LL=PI±9° \[[@B12]\]. In the current study, spinal variables were within these parameters, therefore, we conclude that OLIF plus posterior fixation is sufficient to correct adult deformity.

For minimally invasive surgery, recent studies on surgical treatment of adult scoliosis have found that XLIF results in less blood loss, a shorter length of stay, and a lower incidence of infection when compared to traditional open procedures \[[@B15][@B16]\]. A prospective study of 107 patients, who underwent the XLIF procedure with or without supplemental percutaneous posterior fusion for the treatment of degenerative scoliosis found the mean operative time of 178 minutes and blood loss of between 50 mL and 100 mL \[[@B17]\]. Thirty consecutive patients were followed for an average of 14.3 months to determine fusion rate \[[@B18]\]. There was significant improvement in multiple radiographic variables postoperatively, and there was no significant loss of correction postoperatively up until the most recent follow-up. However, there was an 11.8% incidence of pseudoarthrosis at levels treated with XLIF \[[@B18]\]. The results of the current study are similar to those previously reported for XLIF.

Many authors have reported complications of XLIF during surgery. Symptoms included burning, aching, stabbing, or other pain, numbness, paresthesias, or weakness. Davis et al. \[[@B19]\] have reported the course of the lumbar plexus using cadaveric specimens. The femoral nerve lies ventral to its posterior aspect, and there is a possibility of injury to the femoral nerve during the approach to L4-5 using XLIF \[[@B19]\]. Furthermore, Uribe et al. \[[@B20]\] discussed the potential of injury to the ilioinguinal, iliohypogastric, lateral femoral cutaneous, and genitofemoral nerves in the retroperitoneal space because real-time EMG monitoring does not monitor sensory nerves. Especially, at the L4-5 level, the genitofemoral nerve, the ilioinguinal, and iliohypogastric nerves run from anterior to posterior of the disk \[[@B20]\]. In the current study, we approached the disk between the aorta and psoas muscle without real-time EMG monitoring, and few patients showed any motor or sensory nerve injury or symptoms from the psoas muscle. In this regard, the demonstrated OLIF method is useful for avoiding the complications reported for the XLIF procedure.

The current study has some limitations. It is a small-sized prospective study and the number of patients was restricted. The duration of follow-up was also short. Further follow-up is needed to strengthen these observations.

We conclude that OLIF plus posterior open or percutaneous pedicle screws is an option for correction of deformity due to degenerated lumbar spinal kyphoscoliosis.

Conclusions
===========

OLIF surgery for degenerated lumbar spinal kyphoscoliosis is less invasive than other procedures and good surgical results were produced without any major complications.
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![Approach to oblique lateral interbody fusion (OLIF) and extreme lateral interbody fusion (XLIF). OLIF is an anterior to psoas approach.](asj-9-565-g001){#F1}

![**(A)** Skin marking to check the disk level using a C-arm X-ray imager. The skin incision was made 6 to 10 cm anterior to the midportion of the disk. A longitudinal incision from 3 to 4 cm is recommended. The surgeon cleared the peritoneum from the psoas using a finger. **(B)** Sequential dilation was used. **(C)** C-arm X-ray image after dilation. **(D)** Retractor for oblique lateral interbody fusion was used after dilatation. A trial cage was used after removal of the intervertebral disk. **(E, F)** A Clydesdale Spinal System cage filled with autologous bone is implanted. Implantation starts from a lateral oblique direction; finally the cage is inserted from a true lateral direction.](asj-9-565-g002){#F2}

![A 68-year-old woman with hemodialysis over 30 years showing kyphoscoliosis. X-ray images showing severe kyphoscoliosis. (A, B) Improvement in kyphoscoliosis, (C, D) after surgery (3-level oblique lateral interbody fusion and open pedicle screws with posterior decompression).](asj-9-565-g003){#F3}

![A 66-year-old woman with kyphoscoliosis. **(A, B)** The entire spine before surgery and **(C, D)** 1 year after surgery is shown.](asj-9-565-g004){#F4}

###### Demographic characteristics

![](asj-9-565-i001)

Values are presented as number or mean±standard deviation.

BMD, bone mineral density; OLIF, oblique lateral interbody fusion; PS, pedicle screws; PPS, percutaneous pedicle screws.

###### Average change of spinal parameter
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SD, standard deviation.

[^1]: ^\*^Seiji Ohtori, Chikato Mannoji, and Sumihisa Orita contributed equally to this work.
